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Abstract 
 
Two products obtained from the mechanical grinding 
of scrap tyres are the subject of the present study: 
granulated rubber and textile fibres used as tyre 
reinforcement. The two wastes were subjected to 
pyrolysis in a thermobalance and pyrolysis in a 
horizontal oven up to two final temperatures (550 °C 
and 900 °C) in order to obtain a char, condensable 
products (oil) and a gas. The oil and the gas were 
analysed by gas chromatography.  
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INTRODUCTION 
 
More than 2.7 million tons of completely recyclable 
wastes in the form of scrap tyres are generated every 
year in the EU. Tyres are mainly made up of rubber, 
carbon black, steel and textile components and they 
are 100% recyclable. Moreover, their chemical and 
physical properties make them a highly valuable 
resource [1,2]. The present methods of tyre disposal 
include: landfill, energy recovery, export, retreading, 
and reuse in low value products such as sports 
surfaces, noise barriers and roofing materials. 
Although much progress has been made in recent 
years, efforts will inevitably intensify in the future with 
increasing public and political pressure for stricter 
legislation, such as the European Landfill Directive 
which strictly prohibits the disposal of rubber tyres on 
landfill sites. The combustion of tyres to provide 
energy for cement kilns is problematic due to the 
emissions of polyaromatic hydrocarbons (PAH) and 
metals like Zn [3]. 
In contrast, pyrolysis is a process that allows 
the decomposition of waste tyres into gas, pyrolytic 
oil and carbon black, all of which are highly useful 
products. Many authors have studied the pyrolysis of 
waste tyres [1-6] Tyre pyrolysis gases, have a very 
high calorific value and can even be used as an  
 
 
 
energy source for the pyrolysis process itself. This oil 
is a complex mixture of compounds that can be used  
as fuel. Furthermore, some of these compounds 
appear in sufficiently large amounts for them to be 
separated [7].  
The aim of the present research work was to 
study the oil and gas derived from the pyrolysis of 
two products obtained from the tyre recycling 
industry and to explore opportunities for their use. 
 
EXPERIMENTAL 
 
The two products used in the present study were: 
granulated rubber, referred to as Ty, and fibers used 
as tyre reinforcement, referred to as TxTys. The 
fibres also contain varying amounts of ground rubber 
due to difficulties in separating it from the other 
components. Two temperatures were chosen for the 
experiments in order to study the influence of 
temperature on the characteristics of the products 
obtained and to be able to optimize the production of 
the desired product. 
Proximate analyses were performed 
following the ISO562 and ISO1171 standard 
procedures for volatile matter and ash content, 
respectively. The elemental analysis was performed 
using a LECO CHN-2000 for C, H and N (ASTM 
D-5773), a LECO S-144 DR (ASTM D-5016) for 
sulphur and a LECO VTF-900 to determine oxygen 
content. 
Thermogravimetric analyses were carried 
out in a TA Instruments SDT 2960 thermoanalyser. 
Samples of 10-15 mg were heated to 1000 °C at a 
rate of 3 and 10 °C/min under a nitrogen flow of 100 
ml/min.  
The pyrolysis experiments were carried out 
in a horizontal oven.  The pyrolysis was carried out 
up to final temperatures of 550 and 900 °C. The 
coke, condensable products and gas yields were 
calculated relative to the starting material on a dry 
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basis. The gas yield was calculated by difference. 
The data reported were obtained by calculating the 
average of at least two pyrolysis experiments. 
Gas chromatographic analyses of the tars 
were carried out on an Agilent Model 6890 Series II 
gas chromatograph equipped with flame ionization 
and mass spectrometry detection (GC-FID-MS). The 
separations were performed using a fused-silica 
capillary column (HP-5MS) of length 30 m and I.D. 
0.25 mm. The temperature was programmed from 50 
to 295 °C at a rate of 4 °C/min, the final temperature 
being maintained for 10 minutes. More detailed 
information on the chromatographic procedure can 
be found elsewhere [8]. The data presented are 
based on the average of at least 3 chromatograms. 
The chromatographic analysis of the gases was 
carried out in a Hewlett Packard 5890 gas 
chromatograph fitted with a thermal conductivity 
detector (TCD) and packed columns (Porapak N and 
molecular sieve). Mixtures of gases of known 
composition were used for the quantitative analysis. 
 
RESULTS AND DISCUSSION 
 
The main characteristics of both products are shown 
in Table 1. The wastes used have similar 
characteristics, the main diffeence being the higher 
oxygen content of the fibres. 
 
Table 1. Main characteristics of the materials used. 
 Ty TxTys 
VM (wt% db)a 63.0 65.7 
Ash (wt% db) 9.3 8.4 
C (wt% daf) 87.6 83.6 
H (wt % daf)  7.6 7.2 
N (wt % daf)  0.3 0.3 
S (wt % daf)  2.01 1.75 
O (wt% daf) 3.1 7.8 
C/H 0.96 0.97 
a: Volatile matter content 
 
The thermogravimetric analysis showed that the 
coke yields at the two temperatures and two heating 
rates chosen are slightly higher for the rubber 
granules (Ty) than for the fibers. The profiles are 
similar at the two heating rates. In the case of 3 
°C/min, Ty presents two main decomposition peaks 
(i.) at 300-380 °C and (ii.) at 380-450 °C; TxTys 
displays another decomposition stage at a lower 
temperature (275-350 °C) . 
 The tar, char and gas yields for the pyrolysis 
tests at 550 °C and 900 °C are shown in Figure 1. 
The main pyrolysis product was tar: 50-57 wt% on a 
dry basis (db) and this yield was higher for the rubber 
granules than for the fibers. The amount of gas 
produced was slightly higher for the fibers. Most of 
the pyrolysis had already taken place at 550 °C. An 
increase in temperature produced a slight decrease 
in the char yield and an increase in the tar and gar 
yields for the rubber granules and the fibers 
respectively.  
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Figure 1. Product yield in the pyrolysis experiments. 
 
 The soluble fraction in dichloromethane 
(DCM) obtained from the oil at 550 and 900 °C was 
analyzed by GC-FID-MS to determine the variation in 
composition due to the increase in the temperature. 
Figure 2 shows gas chromatograms of the oil 
obtained at 550 °C from the two wastes.  
 A comparison of the profiles of the tars 
obtained at the two temperatures indicates that they 
are qualitatively similar. The main compounds 
identified by means of GC-MS were: 
dimethylcyclohexene (peak 1), ethylbenzene (peak 
2), xylene (peak 3), styrene (peak 4), 
ethylmethylbenzene  (peak 5), benzonitrile (peak 6), 
limonene (peak 7), terpinolene (peak 8), 
methylbenzonitrile (peak 9), benzothiazol (peak 10), 
caprolactama (peak 11), dimethylnaphthalene (peak 
12), trimethyl neaphtalene (peak 13), 
N-hexylbenzamide (peak 14), hexadecanitrile (peak 
15), heptadecanitrile (peak 16) and derivatives of 
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benzene, naphthalene, and styrene. Compounds 
with heteroatoms such as N, S and O were also 
identified [9]. The oil from the textile contains some 
compounds such as caprolactam, benzonitrile that 
are not present in the oil from the rubber granules. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  GC-FID profiles of the oil obtained at 550 °C from the 
two residues. 
 
The gases collected during the pyrolysis experiments 
were analyzed by gas chromatography with a TCD 
detector. A molecular sieve column was used to 
separate N2, CH4, CO and a Porapak column was 
used for H2S, CO2, C2H4, C2H6, C3H6, C3H8, C4H8, 
C4H10. H2 was evaluated by difference due to the 
difficulties associated with its quantification [10]. The 
amount of COx (CO + CO2) in the gas from TxTys 
was higher than that measured in the sample from 
Ty, due to the decomposition of the textile fibers. In 
the case of rubber granules some authors have 
suggested that it is due to the decomposition of the 
inorganic compounds present in the tyres [10]. The 
presence of H2S was also detected in the samples 
from Ty.  The C4 components of the gas (butane, 
butane and iso-butylene) are the most abundant 
(25-35 %). These products come from the 
depolymerisation of styrene-butadiene rubber (SBR)  
 
 
CONCLUSIONS 
 
With respect to the pyrolysis yields, 550 °C was a 
high enough temperature for the pyrolysis of the 
tyres since decomposition was complete and no 
significant differences were found in the solid, liquid 
and gas yields at higher temperature. The 
composition of the oil indicates that some 
compounds such as limonene are present in high 
amounts. In the case of the gas, the most abundant 
component was C4. 
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